SUMMARY Two cases of paradoxical embolism, one with recurrent cerebral embolism and one with brachial and coronary embolism and both associated with pulmonary embolism, were diagnosed during life. Although there was neither pulmonary hypertension nor intracardiac shunt present at the time of cardiac catheterizaaton in both cases, the presence of a patent foramen ovale with an interatrial right-to-left shunt was dem-PARADOXICAL EMBOLISM refers to the passage of a thrombus from systemic veins, usually in the lower extremities, to the systemic circulation to cause arterial embolism. In the normal circulation a venous thrombus ends in the pulmonary artery or its branches, since it cannot traverse the pulmonary capillaries to enter the systemic circulation. However, in the presence of an intracardiac communication and notably in the presence of a patent foramen ovale, a venous thrombus by crossing from the right to the left atrium may embolize into a systemic artery. The clinical triad is (1) venous thrombosis and/or pulmonary embolism, (2) an intracardiac communication that will permit a rightto-left shunt, and (3) arterial embolism without evidence of a source of emboli in the left side of the heart.'
onstrated by a simple ascorbate dilution technique following a Valsalva maneuver. Each patient was treated by surgical interruption of the inferior vena cava and did well. Paradoxical embolism should be included in the differential diagnosis of arterial embolism for which there is no obvious source, especially when there is also evidence of venous thrombosis or pulmonary embolism.
til the day of admission to The George Washington Univcrsity Hospital when she suddenly developed right-sided chest pain, dyspnea, and hemoptysis. Physical examination, ECG, and chest roentgenograms on admission were essentially within normal limits. Lung scan done soon after admission showed bilateral perfusion defects consistent with the diagnosis of multiple pulmonary embolism. She was immediately started on intravenous heparin therapy which was temporarily discontinued four days later because of development of hemorrhagic right pleural effusion and thrombocytopenia. Because of another episode of chest pain three days later, heparin therapy was restarted.
Ten days after admission, the patient suddenly developed weakness in her left upper extremity from which she slowly recovered. An intracerebral hemorrhage was excluded by a negative computerized tomogram of the brain. Three days later she suddenly developed a right hemiparesis, a right facial palsy, and aphasia. Both of these cerebrovascular accidents occurred while the patient was on a bedpan. Emergency cerebral angiography revealed embolic occlusion of the left middle cerebral artery. She gradually regained part of the motor strength in her right upper and lower extremities as well as her speech. Serial lung scans revealed gradual improvement and final resolution of pulmonary embolism by the time of discharge four weeks after admission.
Two weeks after discharge the patient suddenly developed left-sided chest pain and her speech became slightly more dysarthric. Physical examination on this admission revealed dysarthria, a soft pulmonary systolic murmur, right facial weakness, right hemiparesis and slight weakness in the left hand. There was no evidence of thrombophlebitis in the legs. Lung scan at this time revealed large perfusion defects in left lower lung fields and smaller perfusion defects in the right lower lobe. A diagnosis of recurrent acute pulmonary embolism with paradoxical embolism of the left middle cerebral artery was made.
Right and left heart catheterization was performed, forty hours after admission, percutaneously via the right femoral vein and artery, respectively. The right atrial, right ventricular, and pulmonary arterial pressures were 
Discussion
When systemic embolism occurs in temporal proximity to pulmonary embolism, the following diagnostic possibilities have to be considered: (1) paradoxical embolism; (2) primary cardiomyopathy with mural thrombi in both sides of the heart; (3) acute myocardial infarction with (a) mural thrombi in the left ventricle and pulmonary embolism from peripheral veins or (b) mural thrombi in both the left ventricle and right ventricle when the latter was also involved in the process of myocardial infarction; (4) myxoma of the heart involving both the left and right atria; (5) valvular heart diseases involving both the mitral and the tricuspid valves, with or without atrial fibrillation; (6) prosthetic replacement of both mitral (and/or aortic) and tricuspid valves; (7) infective endocarditis involving both the left-and right-sided cardiac valves.
Usually the differential diagnosis is not too difficult, particularly if there is an obvious source or sources for both pulmonary and systemic embolism. The diagnosis of paradoxical embolism should be suspected if arterial embolism occurs in association with thrombophlebitis or pulmonary embolism when there is no obvious source of emboli in the left side of the heart. This diagnosis should be considered in cyanotic and occasionally noncyanotic congenital heart diseases where intracardiac communication exists, such as atrial and ventricular septal defects, patent ductus arteriosus and pulmonary arteriovenous fistula, and in the presence of acute pulmonary embolism which has been present in the great majority of reported cases of paradoxical embolism.6 However, the diagnosis becomes more elusive when the clinical manifestations of pulmonary embolism are so minimal that it goes undiagnosed such as in case 2, or when the clinical manifestations precede the paradoxical embolism by a significant period of time and thus escape the clinician's recognition as in case 1. The diagnosis becomes particularly difficult when there is no clinical evidence of an intracardiac communication.
Most of the reported cases of paradoxical embolism have not been associated with overt congenital heart disease. Rather, they have occurred in association with a patent foramen ovale which is a relatively common finding. A "pencil patent" foramen is found in 6% of unselected autopsies,'3 a "probe patent" foramen in 29%,13 and a "catheter patent" foramen in 25% of all children and 10% of all adults who underwent cardiac catheterization via the femoral vein (unpublished observation). Patent foramen ovale presents no abnormalities by history, physical examination, electrocardiogram and roentgenogram. Under normal conditions, a patent foramen ovale is perfectly innocuous and does not shunt either left-to-right or right-to-left, because the left atrial pressure is higher than the right and sufficient to make the valve-like flap over the foramen ovale competent. It may, however, allow a right-to-left shunt under the following conditions: (1) right atrial hypertension such as in tricuspid atresia, stenosis or regurgitation, and Ebstein's anomaly; (2) Valsalva maneuver causes right atrial pressure to momentarily increase above the left atrial pressure and thus reverse the normal interatrial pressure gradient with resultant rightto-left shunt across the patent foramen ovale.'6 Using this technique, Banas and associates'" were able to show during the straining phase of the Valsalva maneuver a right-to-left shunt across a surgically created minute atrial septal defect in dogs which could not otherwise be demonstrated. In the two patients reported here, this technique was employed for the first time in the clinical diagnosis of paradoxical embolism. It should be noted that in the first patient the rightto-left shunt did not occur during the straining phase of the Valsalva maneuver, but manifested only immediately after its release ( fig. 1) , and that in the second patient there were on one occasion two bouts of right-to-left shunt, the first during the straining phase of the Valsalva maneuver and the second immediately upon its release ( fig. 2) . The sudden rush of venous blood into the right atrium upon the release of the Valsalva maneuver is mainly responsible for the reversal of interatrial pressure gradient in favor of the right over the left with the resultant right-to-left shunt or its exacerbation if one already exists during the straining phase. It is interesting to note that in both patients paradoxical embolism occurred while they were on bedpans; straining at defecation is performance of a Valsalva maneuver.
That the consequence of paradoxical embolism may be far more disastrous than those of pulmonary embolism is well exemplified by the two cases reported. The first patient suffered three episodes of cerebral embolism before the diagnosis of paradoxical embolism was suspected. The second patient, whose pulmonary embolism would have gone unrecognized, was admitted because of brachial arterial embolism and then suffered an acute myocardial infarction from coronary embolism while waiting for surgical interruption of inferior vena cava. Another serious sequel of paradoxical embolism is brain abscess. Because the abscess is a solitary one, it should be amenable to antibiotics and surgical cure if the diagnosis is made promptly. Brain abscess, as a result of a paradoxical embolism, is more likely to occur in patients with ventricular septal defect, especially in tetralogy of Fallot, than in patients with atrial septal defect. "7 The fact that two patients with paradoxical embolism were encountered within a period of one month and in both the diagnosis was made during life would indicate that this disorder is more common than is generally believed. The most important clue to its clinical diagnosis is the combination of pulmonary embolism followed by systemic embolism. In all patients with arterial embolism without obvious source, a complete workup should include first of all a lung scan whether or not there are overt symptoms and signs of pulmonary embolism, a peripheral venogram to detect phlebothrombosis whether or not the patient has symptoms and signs of thrombophlebitis. and complete right and left cardiac catheterization and angiography. The latter should be done to rule out atrial myxoma, cardiomyopathy with mural thrombosis, myocardial infarction with mural thrombosis, mitral stenosis and an intracardiac septal defect. The catheter should preferably be introduced from the femoral vein to facilitate its passage through a patent foramen ovale. Whether or not the latter is traversed by the catheter, ascorbate dilution curves should be done in the right atrium both before and after use of a Valsalva maneuver. Just as one should not rule out idiopathic hypertrophic subaortic stenosis or Prinzmetal's variant angina without a provocative test,i" one should always employ a Valsalva maneuver during indicator dilution studies in the diagnosis of paradoxical embolism.
The importance of recognition of paradoxical embolism is that treatment is now readily available to prevent potentially lethal or incapacitating recurrences. As soon as the diagnosis of paradoxical embolism via a patent foramen ovale is made in a patient with pulmonary embolism, the inferior vena cava should be surgically interrupted.
